Synthesis of adhesive peptides similar to those found in blue mussel (Mytilus edulis) using papain and tyrosinase.
The blue mussel (Mytilus edulis) foot protein 5 (Mefp-5) is an adhesive protein that is mainly composed of glycine, l-lysine, and 3,4-dihydroxy-l-phenylalanine (DOPA). Thousands of adhesive pads have been analyzed in previous studies, whereby it has been found that adhesion is largely achieved by the redox-chemistry of DOPA, and that l-lysine (approximately 20 mol %) affects the formation of molecular networks. While DOPA and lysine are essential for biomimetic adhesive design, the synthesis of copolymers containing DOPA is limited, in terms of yield, by the multiple reaction steps required. Here, we synthesized adhesive peptides containing DOPA and l-lysine via two enzymatic reactions, namely, chemoenzymatic synthesis of copolypeptides of l-tyrosine and l-lysine by Papaya peptidase I (papain), as well as the enzymatic conversion from l-tyrosine to DOPA by tyrosinase. The synthesis was characterized in terms of yield, degree of polymerization, and composition of the polypeptide. In addition, the conversion of tyrosine to DOPA by tyrosinase was evaluated quantitatively by nuclear magnetic resonance and amino acid analysis. The adhesive properties of the resulting peptides, consisting of DOPA, l-lysine, and l-tyrosine, were evaluated at various pH levels with different protonation/deprotonation states. Our results show that deprotonated DOPA is required for adhesive function, and the deprotonated primary amine group of lysine induces molecular networks by varying the elastic moduli of the adhesives. In this study, we demonstrate the benefit of combining multiple enzymatic reactions, including chemoenzymatic polymerization, in obtaining new types of peptide-based materials.